IN the following paper I propose to bring forward evidence showing that it is possible, by means of a suitable chemical agent incorporated with the nutrient medium, to select out a strain of Bacillus coli which fails to produce gas from certain mono-diand poly-saccharides. Fluctuations of the gas-producing power of Bacillus coli have been frequently observed in the course of laboratory culture, but at present there is no convincing proof that this important property can be specifically removed at will. At the same time, so far as I am aware, gas-producing strains of the typhoid-dysentery group have not occurred in Nature or under artificial laboratory culture, and all attempts to confer this property by processes of training or otherwise have failed. For these reasons bacteriologists have always regarded gas production from sugars as one of the most stable and fundamental differences separating the coli from the typhoid-dysentery groups.
During the past few years comparatively few observations have been recorded which deal with coliform organisms showing variability in gas production when tested shortly after their isolation from Nature, but it is of some interest that the source of these organisms has in several instances been the urine. Mair (1906) isolated from the urine a bacillus which produced acid and gas in media containing mannite, but acid only in media containing glucose and lactose. The same strain was examined later by Wilson (1908) , who confirmed Mair's observations. He noted in addition, however, that the organism produced acid and gas in sorbite media, but acid only in media containing lhevulose, maltose, arabinose, salicin, rhamnose, and dextrin. I shall refer later to the resemblances presented by this natural variety to the artificial variety which forms the subject of this paper.
Another organism also isolated from urine has recently been described by Wilson (1910) , who regards it as intermediate between the Bacillus coli and the Bacillus typhosus. This strain produced gas from mannite but not from glucose, and further it appeared that the yield of gas from I From the Lister Institute, London. mannite and maltose was much greater when growth took place at 220 C. than at 370 C. Some observations by Herter (1909) are of interest in connexiou both with these naturally occurring urinary strains and with the method of selection adopted by me in my work. He found that the presence of sodium benzoate or hippurate in dextrose-peptone-water cultures of Bacillus coli diminishes the gas production relatively more than the vegetative activity. In his experiments the actual inhibiting agent is always present, and there is no evidence that the effect continues after subculture into sugar media containing no benzoate. The fact, however, that benzoates have this effect may afford some explanation of the presence of atypical coliform strains in the urine as this drug is not infrequently employed therapeutically in cystitis cases.
Recently, Jacobsen (1910) has described a typhoid bacillus which, when grown on repeatedly autoclaved agar, showed two distinct types of colony, viz.: (1) a very tiny colony, and (2) a large colony. Subculture of the large colony on the same agar gave rise to a pure race showing large colonies only. Secondary colonies or papillae were not observed by Jacobsen in the case of the Bacillus typhosu's he experimented with.
It was a very similar phenomenon observed by me when examining the influence on intestinal organisms of the constituents entering into the production of glycocoll (Penfold, 1910) that led me to investigate further the properties of the strains selected out.
AUTHOR'S EXPERIMENTS.
If the Bacillus coli (Escherich) be grown on agar containing a suitable concentration of monochloracetic acid (sodium salt) the colonies show a marked diversity of size, some being very large and others very minute.
Preparation of Medium. Tubes of 2 per cent. peptone-agar (without broth) are put up, each containing 15 c.c. A known weight of monochloracetic acid is dissolved in a small amount of water and the solution is made just faintly alkaline to neutral litmus paper by means of sodium carbonate in saturated solution. The solution is then made up to a known volume and filtered through a Berkefeld filter. It must not be boiled, otherwise the monochloracetic acid is decomposed. Any required quantity of this solution is then added to a series of plates, after which the melted peptone-agar is poured in and thoroughly mixed.. Throughout this paper the strength of medium is always expressed in terms of the original acid used.
Ap.pearance of Chloracetic Acid Agar Plates of Bacillus coli (Escherich).
Concentration, 0 01 per cent.: After twenty-four hours' incubation at 370 C., a luxuriant growth occurred, the colonies being all of uniform size. About the fourth day all the colonies at the margin, which are usually somewhat larger owing to less crowding together, showed papillary projections, and two days later the number of papillae had in some cases increased to six. These papillae were situated irregularly on any part of the colony. Even a concentration of 0 001 per cent. was sufficient to produce these papille, but they were invariably of much smaller size.
Concentration, OO5 per cent.: With this concentration the plates' showed a mixture of very tiny colonies and very large ones when examined on the second or third day. By the sixth day the large colonies all showed papillm. There was no tendency for the large colonies to appear in the marginal non-crowded portions of the plate. In fact they were more numerous in the densely crowded central portions.
Concentration, 01 per cent. to 1'5 per cent.: With these high concentrations no small colonies appeared, and it was not till the. second or third day that any colonies appeared at all. These were very few, but attained large dimensions.
Examination of other Organisms on the Monochloracetic Acid Medium.
Bacillus enteritidis (Gaertner) : This organism showed exactly similar appearances to Bacillus coli on plates containing a suitable concentration of the acid, and, as with Bacillus coli, a high concentration of the acid was required to inhibit entirely the growth of the 'small type of colony.
Coliform Organisms freshly isolated from Human Faces and Urine.
Several lactose-fermenting organisms from these sources were plated out on chloracetic acid agar, when it was found that in each case large colonies and very small colonies developed, similar in appearance to those of Bacillus coli. These two types resulted even with concentrations of 0 3 per cent. and 05 per cent. of the acid, and apparently the fresh strains were more resistant to the acid than the stock strain of Bacillus coli (Escherich). Papille-formation also appeared in five of the six strains at the above concentrations, the papille attaining a considerable size by the seventh day.
Special attention must be drawn to the fact that in concentrations preventing the growth of all small colonies, one or two colonies quite commonly appear late and can be easily proved not to be contaminations; e.g., in the strain of Bacillus coli (Escherich) which I employed no small colonies appeared in a series of plates where the concentration exceeded 008 per cent. of chloracetic acid, but one large colony appeared on a 05 per cent. plate and one on a P5 per cent. plate. These late colonies were carefully examined and found to be colonies of Bacillus coli (Escherich). Similar differences in resistance on the part of different colonies of Bacillus enteritidis (Gaertner) were also noted, but they were not so marked.
Bacillus typhosus: Nine strains of this organism were plated out on the same medium, but only a moderate amount of variability occurred in respect of the size of the colonies. No papille-formation was observed.
Further Selection of Bacillus coli (Escherich) on the Monochloracetic Acid Medium. After one week's growth on a 05 per cent. plate a large colony of Bacillus coli was picked off, subcultured into broth, and replated on chloracetic agar. The concentrations of acid in these new plates varied from 03 per cent. to 2'0 per cent. All the plates showed an excellent growth after twenty-four hours, and no colonies of the small type developed. Papilla appeared on the colonies by the ninth day, and were best developed on plates with a concentration of 1'3 per cent. A subculture on ordinary agar was made from one of the colonies on a 2 per cent. plate, and from this agar culture, peptone-water Durham tubes containing various carbohydrates were inoculated. Each tube contained about 6 c.c. of the peptone solution containing the carbohydrates. The internal gas tubes were 2 in. long, with a diameter of approximately a i in.
All the experiments on gas production recorded in this paper were performed in this manner, and the results are therefore subject to the degree of accuracy of the Durham tube method.
In Table I Bacillu4s coli comrmunis (Escherich). Left-band member of couple =normal strain; right-hand nxember of couple = variant strain. In this chart the black columns represent gas tubes containing no gas, while in the other columns the white spaces represent the quantities of gas formed. All the tubes were incubated for five days at 37°C., and the amount of gas indicated in the chart is the greatest amount found in the individual tubes during the whole period. The tubes are arranged in couples, the left-hand member representing the normal Bacillus coli. from a 2 per cent. plate and two from a 3 per cent. plate were inoculated into lactose-peptone-water and incubated for six days at 370 C. Full acidity developed overnight in all cases, and three of the tubes did not show the slightest sign of gas formation during the whole period, although they were observed daily. The fourth tube developed a bubble of gas of the size of a pin's head. From a 3 per cent. plate of this third selection a colony was taken and plated out on McConkey's medium. Four separate colonies from the latter were inoculated into glucose-peptone-water and incubated for eleven days at 370 C. No gas formation occurred. A fourth selection was made on 3 per cent. chloracetic agar when papille again developed. These were small by the third day, but quite prominent by the fifth day. A colony from the -3 per cent. plate was then inoculated into the various carbohydrate media, with results shown in Chart I.
ANALYSIS OF RESULTS.
Gas production is depressed in glucose, lhvulose, mannose, lactose, and dextrin completely, in galactose, maltose, xylose, arabinose and salicin almost completely, while isodulcite is not affected. Also in mannite, dulcite, glycerine, and sorbite the gas production by the new strain shows no dimninution from the normal. Apparently, therefore, the gas production from sugars and bodies yielding sugars on decomposition (eleven in all) is entirely, or almost entirely abolished, with the exception of isodulcite, whereas the gas production from alcohols is undiminished. Probably the presence of a methyl group in isodulcite, which is a methyl pentose, may account for its difference of behaviour from the other sugars.
Identifcation of the New Variety.
In all questions of variation the careful examination of the identity of the varied organism has to be attended to. The following evidence is adduced in support of identity -(1) The production of acid occurred in the same carbohydrates exactly as in the case of the nQrmal strain.
(2) The normal and variant agreed in general morphology, staining reactions, motility and indol production.
(3) The variant did not clot milk, but this point is of little importance, as the partially selected variety took, as previously stated, a longer time to clot milk than the normal strain.
(4) Neither form liquefied gelatine. (5) A rabbit was immunized with the variant strain, and its serum agglutinated the normal Bacillus coli in all dilutions from 1 in 10 to 1 in 1,600. Before immunization the serum of the rabbit did not agglutinate the normal Bacillus coli in dilutions of 1 in 10.
(6) Complement-fixation experiments were kindly performed for me by Dr. H. R. Dean, with extracts of the normal and variant strains and the immune serum from the rabbit. His results are recorded in Table  II , and afford further evidence of the identity of the two strains. We are therefore justified in believing that the new variety is a genuine descendant of the Bacillus coli (Escherich), from which we set out.
Testing the New Variant derived from Bacillus enteritidis (Gaertner).
The Bacillus enteritidis (Gaertner) was subjected to the same treatment as Bacillus coli, and after four platings on the special medium, yielded a strain whose fermentation reactions are recorded in Chart II, as compared with the normal organism. It will be observed that the depression of the gas-producing power again affects all the sugars except isodulcite. A slight depression in the amount of gas formed from alcohols is also noticeable, but a sharp line of demarcation can still be drawn between sugars and alcohols in respect of gas production by the varied strain. We have seen that the variant of Bacillus coli fermented three hexoses without gas formation, while from the pentoses a slight amount of gas was still developed. With the Gaertner variant, on the other hand, it is the pentoses (arabinose and xylose) which are fermented without gas formation, while the hexoses still yield a small quantity of gas.
F-19 To every tube was added 0-5 c.c. of a 1 in 10 dilution of fresh guinea-pig serum. After one hour in the incubator at 37°C. there were added 0 5 c,c. of a 1 in 100 dilution of heated baemolytic serum (rabbit v. sheep) and 0 5 c.c. of a 1 in 20 suspension of sheep's corpuscles. The tubes were then incubated for forty-five minutes and the results read and recorded. The above table shows that no difference can be detected by this method between the extracts prepared from the normal and from the varied strain of Bacillus coli. The sugar reactions of the new strain again agreed with the normal in respect of acid formation. Both strains showed similar morphology and staining reactions, they were equally motile, and produced no liquefaction of gelatine. The variant strain was also agglutinated by a normal Gaertner serum in a dilution of 1 in 30,000. The acidity in milk is more transient in the case of the varied than in the case of the normal strain.
Bacillus Griunthal. One of the coliform organisms freshly isolated from faeces was found to give reactions practically identical with those of the Bacillus of Griinthal.
By similar methods of selection a variant of this organism was produced which yielded the fermentation reactions recorded in Chart III. The same differentiation as between sugars and alcohols is apparent, and in this case isodulcite falls into line with the other sugars. Some experiments have also been made with the Bacillus lactis aerogenes, but so far the fermentation reactions of the variant are not sensibly altered from the normal. The selective process will require to be continued.
Durability of the New Character. After three platings on chloracetic acid agar, the variant Bacillus coli was tested on glucose-peptone-water in Durham's tubes, and gave no gas. The strain was then plated out on McConkey's medium, and four separate colonies inoculated into glucose-peptone-water. These were subcultured in the same medium every day for six days, as four separate series, and each separate tube was incubated for five days at 370 C. Full acidity appeared overnight in each case, but in no tube out of the twenty-four did a single gas bubble appear. Daily examinations were made. Two series of subcultures of the same strain on peptone water, extending over five days, showed similar complete retention of the new character. Also from above-mentioned sixth generation in glucose-peptone-water a subculture was made into peptone water containing sodium acetate. On this new medium it was grown for ten days, and then re-tested on glucose, when it was found to yield a tiny bubble of gas of the size of a pin's head, after forty-eight hours' growth. This amount did not increase.
It may therefore be concluded that the variant is in a fairly stable, though not entirely stable, position with regard to its action on glucose. I have shown in the case of Bacillus typhosus and dulcite (Penfold, 1910 ) that a new unstable character may be rendered stable by further selection, and it is only reasonable to suppose that further growth on chloracetic acid will give the desired permanency.
Discussion on the Fermentation Properties of the Variant Bacillus coli.
Harden (1901) has shown that Bacillus coli gives only a small yield of formic acid from glucose at ordinary atmospheric pressure. If the pressure be increased, the yield of gas diminishes, but the yield of formic acid increases. He thinks, therefore, that it is not unlikely that the gas produced by Bacillus coli arises from the decomposition of formic acid.
I have tested the action of the normal Bacillus coli, and the variant form on peptone water containing sodium formate, and find that a good yield of gas occurs in both cases. It may be suggested, therefore, that if Harden's view prove to be correct, the selective process has caused the removal of the formic-acid-forming ferment, but apparently has not interfered with the formic-acid-splitting ferment.
It is known that the Bacillus typhosus produces formic acid from glucose, but no gas. Neither can it produce gas in peptone water containing sodium formate. When, however, our new variant of Bacillus coli is grown in symbiosis with the Bacillus typhosus in a glucose medium, gas is produced. This is almost certainly due to the fact that the formic acid produced by the Bacillus typhosus is split up by the variant Bacillus coli. In the peptone water containing sugar, the acid production of the varied strain is apparently not diminished. This suggests the presence of another ferment attacking sugar without the formation of formic acid.
When grown under anaerobic conditions in a Buchner's tube, or in .the anaerobic gas tube described by the writer (Penfold, 1910) , the variant Bacillus coli still refuses to produce gas from glucose, except to the extent of a pin's-head bubble, although the full acidity develops overnight. This marked acid reaction occurring overnight in the anaerobic state suggests that the yield of acid is not the result of oxidation of the glucose by atmospheric oxygen. The facts so far ascertained -with regard to the fermentative activity of the variant Bacillus coli suggests that the gas derived from glucose by the normal Bacillus coli is the result of at least two ferments acting in sequence, the first forming formic acid, and the second splitting up the acid so formed. It seems probable that a common ferment acts in some stage of the production of gas from all or the majority of the sugars. This is the most easy explanation of the simultaneous modification of this one function in the case of so many sugars.
The ferment which is removed by the selective process is evidently not concerned in the production of gas from alcohols. The essential difference in the structure of the two classes of substances-alcohols and sugars-is the presence of the aldehyde group in the latter, so that probably the missing ferment has some relationship to this group. Dr. Harden is at the present time making an investigation into the chemical activity of the variant Bacillus coli, which will doubtless throw much light on its peculiarities.
Wilson's very remarkable organism referred to in an earlier portion of this paper showed greater similarity in its action on maltose and mannite than on maltose and glucose-a fact which at least suggests that it is in no way related to the Bacillus coli comm-unis. Mair's organism, on the other hand, is almost certainly a natural variant of the Bacillus coli group, and but for the fact that it does not ferment raffinose, it may very well have been derived from the Bacillus acidi lactici.
Significance of the Papillae. In order to throw some light on this question, the following experiment was performed: A " small " colony from the first chloracetic acid plate of Bacillus Griinthal was re-plated on chloracetic acid agar. From the latter three subcultures into glucose-peptone-water were made: (1) From a " small " colony; (2) from the flat portion of a " large" colony; and (3) from the papilla of a large colony. The yield of gas after twenty-four hours was as follows:-(1) "Small" colony tube ... ... It is evident, therefore, that the papillae, which are composed of the most resistant bacteria on the plates, are at the same time the poorest gas producers.
One

How does the Monochloracetic Acid Act?
Does the acid act directly, or does the organism attack it first, and produce from it a toxic compound which inhibits its growth? If the latter explanation held, it is easy to see that the power to attack chloracetic acid would result in the inhibition of growth of those individuals using it, while individuals using it less would soon outgrow their fellows.
The following substances have been experimented with in the hope of getting more information on this subject: Trichloracetic acid and dichloracetic acid have been neutralized and added to agar in the same way as the monochloracetic acid. Colonies of Bacillus coli on the dichloracetic acid medium show no great variability in size, and the normal organisms are not prevented from growing by so large an amount as 2 per cent. of the neutralized acid. This is a very different result from that obtained with the monochloracetic acid which frequently, in a concentration of I per cent., prevented the growth of small colonies. No papillk developed on the colonies in the dichloracetic acid plates. The neutralized trichloracetic acid prevented the growth of Bacillus coli on agar at a strength of 2 per cent., but not at 1 per cent., and no marked variability in the size of the colonies was observed. No papillae developed.
With cyano-acetic acid no variability in size resulted and no papillae appeared. Normal strains of Bacillus coli and of Bacillus Gaertner have also been grown on peptone water containing sodium acetate. No gas was formed and no papillm developed on colonies of Bacillus coli grown on agar containing the salt, concentrations varying from 0001 per cent. to 1 per cent. being tried. Hitherto, therefore, I have got no evidence as to why the monochloracetic acid acts in the selective fashion described in this paper.
SUMMARY AND CONCLUSIONS.
(1) The gas-producing power of Bacillus coli on glucose and lactose media can be removed by growth on monochloracetic acid agar.
(2) This depression of the gas-producing power is valid for all sugars fermented by the organism (except isodulcite), while it is not valid for the alcohols fermented.
(3) Bacillus enteritidis (Gaertner) and Bacillus Griinthal are affected in a similar way by growth on monochloracetic acid agar. The depression in the case of Bacillus Griinthal is, however, general for all the sugars tested.
(4) The power of producing gas from formates is retained by the new varieties.
(5) Strains of intestinal organisms highly resistant to sodium chloracetate are readily produced from many natural varieties.
(6) When Bacillus coli (Escherich), Bacillus enteritidis (Gaertner), Bacillus Grilnthal, and miany other intestinal organisms are grown on monochloracetic acid agar, a marked variability in the size of the colonies occurs, and secondary colonies or papillke develop on the surface of the large forms.
(7) The investigation of the chemical activity of the new varieties is likely to throw some light on the mechanism of the fermentation processes of bacteria.
In conclusion, I desire to thank Dr. Ledingham, Dr. Harden, and Dr. Maclean, of the Lister Institute, for much help in many points of difficulty; and also Dr. H. R. Dean for kindly applying the complementfixation test in the identification of the variant Bacillus coli.
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